observed that the procedure involving ultrasound gave higher yields after 5 min exposure than it did with longer exposures of 10 to 15 min; this fact could be the result of degradation increasing with exposure time.
The propagation of ultrasonic waves, characterized by a minimum frequency of 16 kHz, results in rapid fluid movement through compression and rarefaction, the waves generated giving rise to the cavitation phenomenon, i.e. formation and collapse of microbubbles.
The pioneering work on the chemical applications of ultrasound [1] was conducted in the 1920s by Richards and Loomis in their classic survey of the effects of high-frequency sound waves on a variety of solutions, solids and liquids [2] . Despite the diversity of chemical effects of ultrasonic waves discovered by these authors, research conducted since then has been sparse and uneven. In short, the effect of ultrasound is the generation of extreme, punctual temperatures [3] .
Organic chemistry has been the discipline which has most often used ultrasound to facilitate, improve and accelerate reactions [4] [5] [6] [7] [8] .
Although analytical chemists have shown little interest in the use of ultrasound, these waves are of great value, their potential at least equalling and generally surpassing that of other conventional methods (distillation, Soxhlet extraction, agitation etc.), which aid the optimum development of some of the steps of an analytical method, such as sample pretreatment, separation, reagent preparation and improvement of reaction yields in continuous systems. Nevertheless, the most important feature of this physical phenomenon are its possibilities for detection, which opens interesting and previously unknown perspectives in analytical control process and, in general, in the. sample preparation step for complete automation of analytical process. These and other aspects, as well as their application in clinical chemistry, are dealt with in this paper. 88 
Sample pretreatment
The most versatile step of the analytical process, sample preparation, has been aided by the use [10] , it was observed that the procedure involving ultrasound gave higher yields after 5 min exposure than it did with longer exposures of 10 to 15 min; this fact could be the result of degradation increasing with exposure time.
Regarding the extraction of inorganic species, ultrasonic exposure of cations from soil using diluted HNO, has been studied and compared with conventional shaking methods. The concentration of extracted cations is independent of the intensity of the ultrasonic radiation and dependent upon the reaction temperature and irradiation time. The time needed is always shorter than that required by shaking methods; and the reproducibility of the results depends on the ease with which the temperature can be controlled. Extraction of cationic species from plants by use of HC1 and ultrasound, with atomic absorption spectrometry or flame emission detection is more accurate than the dry ashing method [11] . A major improvement in the extraction of phosphate raw materials and P-containing fertilizers is achieved when ultrasound rather than mechanical mixing is used [12] . by low-frequency sonication in methanol for 30 min and determined by analysis ofmethanol extracts using packed column gas chromatography with electron-capture detection. Analytical recoveries averaged 94% [19] . Similar comparative studies of extraction efficiencies for hydrocarbons from sediments polluted by oily drill cuttings were made by Sporstol et al. [20] , who showed that higher recoveries were obtained by sonic methods.
A comparative study of four extraction techniques (Soxhlet, ultrasonic bath, mechanical .shaker and homogenizer-sonicator) applied to munitions residues in soil for later determination by reversed-phase high-performance liquid chromatography was performed by Jenkins and Grant [21] . This demonstrated the usefulness of the ultrasonic bath method, which can be used to automatically process a number of samples simultaneously and is relatively inexpensive. The gentle heating resulting from the sonic bath (39 C) also seems helpful in increasing the rate at which equilibrium is attained.
Ultrasonic radiation facilitates bubble aggregation in samples and release. This effect has been exploited in beer degasification [22] . The concentration of CO2 and COl in samples can be lowered from 70 to 30 mg/1, and from 23.4 to 0.1 rag/l, respectively, by using a 3 W ultrasound generator producing [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] In general, ultrasonic treatment accelerates crystallization rate [31] up to three to eight-fold in the case of calcite, aragonite and sucrose [32] . This [33] .
The use of sonication in liquid-liquid extraction results in dramatic emulsification of the two immiscible phases, which enhances the extraction rate [34] and the efficiency of the process to about 50-94% compared to mechanical agitation [35] -the effect decreases with increasing interfacial tension [36] .
Ultrasonic radiation improves (96% versus 79%) the regeneration of ion-exchange resins used for eliminating boiler condensates from nuclear reactors [37 and 38] . On the other hand, the ion-exchange [39] and reagent adsorption [40] [43] .
The use of ultrasound as a detection system in on-line analysis is explained in the following section.
Use of ultrasound in and as detection systems
The spraying properties of ultrasound have been used for sample nebulization in ICP-AES for some time [51] .
Using ultrasound with conventional aerosol desolvation apparatus makes them preferable to pneumatic nebulizers on account of the smaller and more uniform particle sizes allowing a lower carrier-gas flow-rate to produce an aerosol with greater number density, and the lower sample consumption. Reproducibility is somewhat poorer and the detection limit is one order of magnitude higher. Other advantages are chemical resistance, direct sample introduction, convenient sample change-over and rapid clean-out [52] [53] [54] . Similar ultrasonic nebulizers have been coupled for use in graphite furnace-atomic absorption spectrometry [55] and emission spectrography [56] [60] or physical [61] nature of materials, determining the concentration of solutions [62] and mixtures [63] , and estimating particle size [64] . It must be admitted, though, that ultrasonic techniques are rarely absolutely specific in the chemical sense. Moreover, they are not normally useful for determining low concentrations.
The parameters involved in ultrasonic detection are velocity, absorption, attenuation, acoustic impedance and scattering.
Velocity, the parameter most widely used [65] , has a wide scope of application, namely determination ofPb(II) [62] or Ni(II) [66] by reaction with sodium diethyldithiocarbamate, studies of the molecular mechanism of the phase transition during micelle formation [67] and thermal stability of metal chelates with EDTA [68] ; resolution of gas mixtures (for example ethylene in propane saturated with water) [63] ; liquid identification; and emulsion concentration [69] . The ultrasonic velocity has even been used as detection system in gas chromatography, where it behaves as a universal detector [70] with a wide dynamic range (six orders of magnitude) [71] , but a poor detection limit (in the ng range) [72] . Nevertheless [73] .
Although ultrasonic absorption measurements are more difficult to make, they have interesting possibilities such as the determination of methanol in water-methanol mixtures [74] , the solubility of solid pharmaceuticals [75] , the analysis of latexes in polystyrene [60] and the study of metal chelate adducts [76] [77] [78] .
Ultrasound scattering has frequently been employed for identifying and determining the size of particulates in flowing fluids in semiconductor manufacture [64] . [81] .
Acceleration ofsubstrate diffusion by ultrasonic, radiation results in increased 0-chymotrypsin activity by a factor between 2 and 2"2 when irradiated with 20 kHz, 10-15 W ultrasonic radiation [82] . This positive effect occurs only when the determining step of.the reaction rate is the diffusion of substrate over the support [83] .
Another positive effect of ultrasound is the increase of the external surface of supports used for immobilization of 0-amylase [84 and 85] . The external characteristics of polymers change significantly under the ultrasonic action through alterations in the superficial structure, as observed by electron-microscopy. After 
